wo 2004/040684 PCTAIB2003/004799 

1 

HYDROGEN OPERATED POWER SYSTEM 



R ACKGROUN D OP THR INVENTION 
1 Field of the Invention 

[0001] The invention relates to a hydrogen operated power system, and 
5 more particularly, to a hydrogen operated power system that uses a supply system to 
supply a gaseous fuel from a fuel supply tank to a hydrogen operated power system. 
2. Description of the Related Art 

[0002] As one kind of hydrogen operated power system, technology has 
been proposed which, in a fuel cell system, botii circulates hydrogen supplied from a 
10 fuel supply system to a fuel cell via a hydrogen circulation path, and circulates 
oxygen supplied from an oxidizing agent supply system to the fuel cell via an 
oxidizing agent circulation path (JP-A-7-240220). This system aims to improve the 
utilization ratio of hydrogen and oxygen supplied from the fuel supply system and the 
oxidizing agent supply system by circulating the hydrogen and oxygen tiiat was not 
15 consumed in the fuel cell using the circulation paths. 

[0003] This kind of a hydrogen operated power system uses a circulation 
pump driven by a motor to circulate the hydrogen and oxygen. A rotational position 
sensor, such as a resolver, is typically used in driving control of the motor to 
accurately detect the rotational position of the motor. However, when a rotational 
20 position sensor is used for driving control of a motor that is used with a hydrogen 
circulation pump, the sensor may deteriorate due to hydrogen embrittiement or the 
like such that it is unable to control the driving of the motor, which may interfere with 
the operation of the system: 

25 SUMMARY OF THE INVENTION 

[0004] One object of the hydrogen operated power system of this 
invention is to prevent interference with operation of the system due to sensor 
deterioration. Another object of the hydrogen operated power system of the invention 
is to determine whether there is an abnormality in the supply and cfrculation systems. 
30 A further object of the hydrogen operated power system of the invention is to check 
for an abnormality quickly at system startup. 

[0005] In order to achieve at least some of the foregoing objects, the 
hydrogen operated power system of the invention employs the following means. 
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[0006] The hydrogen operated power system according to this invention 
uses a supply system that supplies a gaseous fuel from a fuel supply tank to a fuel cell. 
A characteristic of the system is that the supply system uses a pump driven by a 
sensorless motor which has no sensor to detect at least the rotational position of the 
5 motor. 

[0007] Because the pump is driven by tiie sensorless motor in tihie 
hydrogen operated power system according to the invention, is possible to prevent 
system operation interference due to sensor deterioration from hydrogen 
embrittlement. 

10 [0008] In the hydrogen operated power system of the invention, the supply 

system supplies a gaseous fuel to the fuel cell from the fuel supply tank by circulating 
it via a circulation path. The pump may also be a pump that circulates the gaseous 
fuel in the circulation path. 

[0009] Further, the hydrogen operated power system of the invention may 
15 also be provided with abnormality detecting means for detecting a plurality of types 
of different abnormalities related to driving of the motor, and abnormality 
determining means for determiiiing that an abnormality has occurred in the supply 
system when an abnormality, regardless of type, has been detected a predetermined 
nmnber of times by the abnormality detecting means after an instruction has been 
20 given to start the system until a predetermined period of time has passed. 

Accordingly, it is possible to quickly detect an abnormality in the supply system 
based on an abnormality related to the driving of the motor during system startup. 
The reason the hydrogen operated power system detects the abnormality a 
predetermined number of times before making a determination that an abnormality 
25 has occurred is in order to determine whether the abnormality is in the motor or in the 
supply system, as well as to minimize erroneous determinations. Accordingly, the 
predetemiined number of times may be any number as long as it is at least two. 

[0010] In the hydrogen operated power system of the invention, which 
may determine an abnormality in the supply system based on an abnormality related 
30 to the driving of the motor, the supply system may also be provided with a check 

valve on a discharge side of the pump, and the abnormality determining means may 
determine sticking of the check valve to be an abnormality in the supply system. This 
kind of hydrogen operated power system of the invention may also be provided with 
outside air temperature detecting means for detecting the temperature of the outside 
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air, and the abnormality detennining means may be means for determining whether 
the check valve is stuck based on the outside air temperature detected by the outside 
air temperature detecting means. Ftirther, the hydrogen operated power system may 
be provided with pressure detecting means for detecting a pressure on the discharge 
5 side of the pump, and the abnormality determining means may determine whether the 
check valve is stuck based on the pressure detected by the pressure detecting means. 
By determining an abnormality based on the outside air temperature and the pressure 
in these ways, it is possible to detect whether the check valve is stuck with even 
greater accuracy. 

10 [0011] Further, the hydrogen operated power system of the invention, 

which may determine an abnormality in the supply system based on an abnormality 
related to the driving of the motor, may also be provided with system stopping means 
for stopping the system when it has been determined by the abnormality determining 
means that there is an abnormality in the check valve. Accordingly, it is possible to 

15 stop the system early on based on a quickly detected abnormality in the supply 
system. 

[0012] Further, the hydrogen opCTated power system of the invention, 
which may determine an abnormality in the supply system based on an abnormality 
related to the driving of the motor, may also be provided with restart instructing 
20 means for instracting the system to restart when an abnormality has been detected by 
the abnormality detecting means, until it is determined by the abnormality 
detennining means that there is an abnormality in the supply system. Accordingly, it 
is possible to minimize cases in which the system is stopped due to an erroneous 
determination. 

25 [0013] The hydrogen operated power system of the invention may also be 

provided with abnormality detecting means for detecting a plurality of types of 
different abnormalities related to the driving of the motor, and system stopping means 
for stopping the system when an abnormality, regardless of type, has been detected a 
predetermined number of times by the abnormality detecting means within a 

30 predetermined period of time. Accordingly, it is possible to stop the system quickly 
when an abnormality occurs. The reason the hydrogen operated power system detects 
the abnormality a predetermined number of tunes before making a determination that 
an abnormality has occurred is to minimize cases in which the system is stopped due 
to an erroneous detection. Accordingly, the predetermined number of times may be 
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any number as long as it is at least two. The hydrogen operated power system of the 
invention may also be provided with restart instructing means for instructing the 
system to restart when an abnormality has been detected by the abnormality detecting 
means, until the system is stopped by the system stopping means. Accordingly, cases 

5 in which the system is stopped due to an erroneous determination can be minimized. 

[0014] In the hydrogen operated power system of the invention, which 
may determine an abnormality in the supply system based on an abnormality related 
to the driving of the motor or which may stop the system based on an abnormality 
related to the driving of the motor, the abnormality detecting means may also detect, 

10 as one of a plurality of abnormalities, at least one of an overcurrent abnormality in the 
motor, a short-circuit current abnormality in an element in the motor, and a lock 
abnormality in the motor. 



BRIEF DESCRIPTION OF THE DRAWINGS 
IS [0015] FIG. 1 is a block diagram schematically showing the configuration 

of a fuel cell system 20 according to one exen(iplary embodiment of the iavention; 

[0016] FIG. 2 is a flowchart illustrating one examqple of a routine executed 
at startup by an ECU 50 during startup; 

[0017] FIG. 3 is a block diagram schematically showing the configuration 
20 of a fuel cell system 20B, which is a modified example of tiie fuel cell system 20; and 
[0018] FIG. 4 is a flowchart showing one example of a modified example 
of the routine executed during startup. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 [0019] Next, exemplary embodiments of the iavention will be described. 

FIG. 1 is a block diagram schematically showing the conJBguration of a fuel cell 
system 20 according to one exemplary embodiment of the invention. As shown in the 
drawing, the fuel cell system 20 in this exemplary embodiment is provided with a fuel 
cell 22 which generates electricity by an electrochemical reaction between hydrogen 
30 circulating in a circulation path 30 and oxygen in air which is supplied. The fuel cell 
system 20 is also provided with a hydrogen tank which supplies the hydrogen to the 
circulation path 30 and an electronic control unit (hereinafter simply referred to as, 
"ECU") 50 which controls the entire system. In addition, the fuel cell system 20 is 
provided with other devices such as a blower which supplies the air to the fuel cell 22, 
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a humidifier which humidifies, the air and hydrogen, a cooling system which cools the 
fuel cell 22, and a DC/DC converter which converts the power generated by the fuel 
cell 22 into a desired voltage. As these devices are not at the center of the invention, 
however, detailed descriptions and drawings thereof will be omitted. 
5 [0Q20] In the circulation path 30 is provided a pump 32 which pressurizes 

unreacted hydrogen discharged from the fuel cell 22, and a check valve 36 on the 
discharge side of the pump 32, which prevents back-flow of the pressurized hydrogen. 
The pump 32 is driven by a sensorless motor 34, which has no sensor, such as a 
resolver, for detecting the rotational position of the motor. Direct current power from 
10 a direct current power supply 40 is converted to three-phase alternating current power 
by an inverter 42 and supplied to the motor 34. The reason for the motor 34 being 
sensorless is to prevent the driving control of the motor 34 from failing due to sensor 
deterioration firom hydrogen embrittlement. The direct current power supply 40 used 
in this exemplary embodiment uses power generated by the fuel ceU 22 in which the 
15 voltage has been regulated by the DC/DC converter, or power generated by the fuel 
cell 22 in a system such as a secondary battery that is charged using power with the 
regulated current. 

[0021] The ECU 50 is constructed as a microprocessor, the main 
component of which is a CPU 52. In addition to the CPU 52, the ECU 50 is also 
20 provided with ROM 54 in which programs are stored, RAM 56 in which data is stored 
temporarily, and an input/output port, not shown. Various signals are input to the 
ECU 50 via the input port, such as signals from an IPM sensor (Intelligent Power 
Module sensor) 60 which is provided in a power line that supplies power firom the 
direct current power supply 40 to the inverter 42 and which detects a short-circuit 
25 current in an element, and signals indicative of phase currents lu and Iv from current 
sensors 62 and 64 provided on the u phase and v phase of a three-phase power line 
connectiag the inverter 42 with the motor 34. Further, various signals are output from 
the ECU 50 via the output port, such as drive signals to the regulator valve 26, which 
is provided in a supply conduit that supplies hydrogen to the circulation path 30 from 
30 the hydrogen tank 24, and switching control signals to the inverter 42. The sum total 
of the phase currents (lu + Iv + Iw) applied to the motor 34 is 0 so, by detecting the 
current lu of tiie u phase and the current Iv of the v phase as tiie phase currents, the 
current Iw of the w phase is able to be obtained tibrou^ calculation. 
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[0022] Next, operation of the fuel cell system 20 of the above 
configuratioii, and more specifically, operation of the fiiel cell system 20 detecting an 
abnormality in a hydrogen circulation system during startup, as well as operation of 
the fuel cell system 20 when an abnormality has been detected, will be described. 
5 FIG. 2 is a flowchart illustrating one exancqple of a circulation system startup routine 
executed by the ECU 50 when an instruction has been given for startup. When this 
routine is executed, the CPU 52 of the ECU 50 first reads signals indicative of the 
phase currents lu and Iv detected by the current sensors 62 and 64, as well as the 
signal firom the IPM sensor 60 (step S 100). A check is then performed to detect an 
10 - overcurrent abnormality and a lock abnormality based on the read phase currents lu 
and Iv, as well as a short-circuit current abnormality in an element (i.e., IPM 
abnormality) based on the read IPM signal (step SI 10). The overcurrent abnormality 
can be detected by a method such as determining whether an effective current applied 
to the motor 34 is exceeding a predetermined value above a rated value based on the 
15 phase currents lu and Iv, and the phase current Iw calculated from those phase 

currents lu and Iv. The lock abnormality can be detected firom the difference between 
the speed of the motor 34 assumed as time passes firom startup and the speed of the 
motor 34 estimated based on the change in the phase currents lu and Iv. The IPM 
abnormality can be direcfly detected firom the signals from the IPM sensor 60. 
20 [0023] When it is determined, from the detection results (step S 120) for 

the overcurrent abnormality, the lock abnormality, and the IPM abnormality, that 
none of those abnormalities have occurred, it is then determined whether a 
predetermined period of time has passed since the instruction was given for system 
startup (step S130). If that predetermined period of time has not passed, the process 
25 returns to step SlOO and the check for the overcurrent abnormality, the lock 

abnormality, and the IPM abnormality is repeated. If the predetermined period of 
time has passed, it is determined that startup of the circulation system is complete and 
the routine ends. The predetermined period of time in this case is set as the time it 
takes to restart the system a predetermined number of times and check whether the 
30 overcurrent abnormality, the lock abnormality, or the IPM abnormality has occurred 
(e.g., 2 or 3 times), plus the time for the initial system startup and check (i.e., 
predetermined number of times + 1). This predetermined number of times will be 
explained in greater detail later. 
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[0024] On the other hand, when it is determined, from the detection results 
(step S120) for the overcurrent abnormality, the lock abnormality, or the IPM 
abnormality, that any one of those abnormalities has occurred, a nmnber of 
abnormality detections N is increased by a value of 1 and it is determined whether 
that number of abnormality detections N is equal to, or greater than, a threshold value 
Nref (step S150). Bf the number of abnormality detections N is less than the threshold 
value Nref, tiie system is restarted (step S 160) and the process returns to step SIOO. If 
the numbCT of abnormality detections N is equal to, or greater than, the threshold 
value Nref, the system is stopped (step S170) and the routine ends. Here, the number 
of abnormality detections is initially set to a value of 0 at system startup and the 
threshold value Nref is set to a value one greater, or one less, than the predetermined 
number of system restarts used when setting the predetermined period of time 
described above. For example, when setting the predetermined period of time to the 
time it takes to check three times whether the overcurrent abnormality, the lock 
abnomiality, or the IPM abnormality has occurred (i.e., once during the initial startup 
and twice when the system is restarted twice), the threshold Nref is set to a value of 2 
or 3. Considering the relationship between the threshold Nref and the predetermined 
period of time, as well as the fact that the system is restarted in step S160 when any 
one of the overcurrent abnormality, lock abnormality, and IPM abnonnality is 
detected, the number of abnormality detections N becomes a value equal to, or greater 
tibian, the threshold value Nref when any one of the aforementioned abnormalities is 
detected each time the system is restarted from the time an instruction is given to start 
the system until the predetermined period of time has passed. 

[0025] Now consider a case in which there is an abnormality in the 
circulation system in which the check valve 36 is stuck for some reason, e.g., it is 
frozen, such that the hydrogen is not circulated in the circulation path 30 by the pump 
32 as it should be. In this case, when the motor 34 is driven when the system is 
started and the pump 32 attempts to circulate the unreacted hydrogen discharged from 
the fuel cell 22, the pressure on the discharge side of the pump 32 increases due to the 
fact that the check valve 36 is stuck, and a situation arises in which, by driving the 
motor 34, either the pump 32 is only able to rotate at a speed slower than the normally 
assumed speed, or is unable to rotate at aU. In this case, it is randomly determined 
that one of the overcurrent abnonnality, lock abnormality, or IPM abnormality has 
occurred in the motor 34. Accordingly, when it is determined that one of the 
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overcurrent abnormality, lock abnonnality, or EPM abnormality has occurred related 
to the driving of the motor 34 at system startup, it can be estimated that an 
abnormality in the hydrogen circulation system has occurred. In this exemplary 
embodiment, by checking for an abnormality related to the driving of the motor 34 a 
5 plurality of times as die system is restarted, erroneous determinations due to noise can 
be minimiz eA, thereby increasing the accuracy of the abnormality determinations. If, 
within the predetermined p^od of time, the niunber of abnormality detections equals 
the threshold value Nref , it is determined that there is an abnormality in the hydrogen 
circulation system and the system is stopped. Normally, a determination that an 
10 abnonnality has occurred is made based on a predetermined number of abnormality 
detections (e.g., 3) in order to prevent an erroneous determination due to noise or the 
like. When making a determination with respect to a plurality of kinds of 
abnormalities, the determination that an abnormality has occurred is made based on a 
predetermined number of abnormality detections of any one kind of abnormality. 
15 When the check valve 36 is stuck, it is randomly detOTnined that one of the 

overcurrent abnormality, lock abnonnality, or IPM abnormality related to the driving 
of the motor 34 has occurred. Therefore, when employing a determination method 
based on three abnormality detections for any one kind of abnormality, it would be 
necessary to start the system seven times if the abnormalities appeared with equal 
20 frequency, and time is also required for the abnormality check at system startup. On 
the other hand, in this exemplary embodiment, because the system is stopped when an 
abnormality in the hydrogen circulation system has been detennined to have occurred 
due to three abnormality detections, regardless of whether the same abnormality was 
detected all three times, the system only needs to be restarted twice. That is, 
25 according to the exemplary embodiment, it is possible to shorten the time required to 
check for an abnormality during startup. 

[0026] Because the motor 34 which drives the pump 32 for the hydrogen 
circulation system in the fuel cell system 20 according to the exemplary embodiment 
described above is sensorless, it is possible to prevent the driving control of the motor 
30 34 from failing due to sensor deterioration from hydrogen embrittlement. As a result, 
stability and durability of the system is able to be improved. 

[0027] Ptirther, with the fuel cell system 20 according to this exemplary 
embodiment, the system is stopped when an abnormality in the hydrogen circulation 
system is determined to have occurred due to the number of abnormality detections 
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made, after being restarted a predetermined number of times when any one of the 
abnormalities is detected during the check performed at system startup for an 
abnormality related to the driving of the motor 34, such as the overcurrent 
abnormality, lock abnormality, or IPM abnormality. Accordingly, because it is 
5 possible to complete the abnormality check at startup quickly, the fuel cell system 20 
is well-suited for use in a vehicle. 

[0028] With the fuel cell system 20 according to this exemplary 
embodiment, a check is performed for an abnormality related to the driving of the 
motor 34, such as the overcurrent abnormality, lock abnormality, or IPM abnormality. 
10 If an abnormality is detected, the system is restarted. If the system is restarted a 

predetermined number of times, it is determined that an abnormality has occurred in 
the hydrogen circulation system. Alternatively, however, when a predetennined 
number abnormality detections are made and all of those detections are for the same 
abnormality, an abnormality may be determined to have occurred that is related to 
IS driving of the motor 34, and when a predetemoined number abnormality detections are 
n:iade which are not all for the same abnormality, an abnormality may be determined 
to have occurred in the hydrogen circulation system. Further, as illustrated in a fuel 
cell system 20B shown in FIG. 3, which is a modified example of the fuel cell system 
fuel ceU system 20, a pressure gauge 66 may be provided in the circulation path 30 on 
20 the discharge side of the pxunp 32, and it may be determined whether there is an 

abnormality related to the driving of the motor 34 or an abnormality in the hydrogen 
circulation system based on a pressure P detected by the pressure gauge 66 when an 
abnormality has been detected a predetermined number of times. In this case, if the 
pressure P when an abnormality has been detected the predetermined number of times 
25 is less than a threshold value Pref, which is set to a value larger than a pressure 

assumed when there is no abnormality in the hydrogen circulation system, it may be 
determined that there is an abnormality related to the driving of the motor 34, and if 
the pressure P is equal to, or greater than, the threshold value Pref, it may be 
determined that there is an abnormality in the hydrogen circulation system due to 
30 sticking of the check valve 36. Also, as is shown in the modified fuel cell system 20B 
shown in FIG. 3, an outside air temperature sensor 68 may be provided in the system 
and it may be determined whether there is an abnormality related to the driving of the 
motor 34 or an abnormality in the hydrogen circulation system based on an outside air 
temperature T detected by the outside air temperature sensor 68 when an abnormality 
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has been detected a predetermined number of times. In this case, if the outside air 
temperature T when an abnormality has been detected the predetemMned number of 
times is equal to, or less than, a predetermined temperature Tref, which is set to a 
temperature lower than a temperature at which it is assumed that the check valve 36 
3 would freeze, it may be determined that there is an abnormality in the hydrogen 
circulation system due to sticking of the check valve 36 from freezing, and if the 
outside air temperature T is higher than the predetermined temperature Tref, it may be 
determined that there is either an abnormality in the hydrogen circulation system that 
is caused by something other than freezing, or an abnormality reflated to the driving of 

10 flie motor 34. When making an abnormality determination in consideration of the 
pressure P on the discharge side of the pump 32 in the circulation path 30 or the 
outside air temperature T, the startup routine shown in FIG. 4 may be executed 
instead of the startup routine shown in FIG. 2. In the startup routine shown in FIG. 4, 
when the number of abnormality detections N is equal to, or greater than, the 

15 threshold value Nref and the outside air temperature T is equal to, or less than, the 

predetermined temperature Tref (step S270), or the outside air temperature T is higher 
than the predetermined temperature Tref but the pressure P on the discharge side of 
the pump 32 in the circulation path 30 is equal to, or greater than, the threshold Pref 
(step S280), it is determined that there is an abnormality in the hydrogen circulation 

20 system due to sticking of the check valve 36 (step S290) and the system is stopped 
(step S3 10). When the outside air temperature T is higher than the predetermined 
temperature Tref and the pressure P on the discharge side of the pump 32 in the 
circulation path 30 is less than the threshold valve Pref, it is determined that there is 
an abnormality related to the driving of the motor (step S300) and the system is 

25 stopped (step S3 10). Accordingly, it is possible to deteraadne whether an abnormality 
is an abnormality in the hydrogen circulation system or an abnormality related to the 
driving of the motor 34, which facilitates appropriate response to the abnormality. 

[0029] The fuel cell system 20 according to the exemplary embodiment 
determines the overcurrent abnormality, lock abnormality, and IPM abnormality as an 

30 abnormality related to the driving of the motor 34. The ftiel ceU system 20 may also 
determine other abnormalities as long as they are related to the driving of the motor 
34 and occur due to an abnormality in the hydrogen circulation system. The ftiel cell 
system 20 mzy also be such that it checks for only one or two types of abnormalities 
from among the overcurrent abnormality, lock abnormality, and IPM abnormality. 
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[0030] The fuel cell system 20 according to the exemplary embodiment is 
applied to an abnormality in the hydrogen circulation system. Alternatively, a system 
provided with an oxygen circulation system that circulates pure oxygen as an 
oxidizing agent to the fuel cell 22 can also be applied to an oxygen circulation 
5 abnormality. Also, die fuel cell system 20 according to the exemplary embodiment is 
applied to an abnormality in the hydrogen circulation system, but it may also be 
applied to an abnormality in a hydrogen supply system. 

[0031] In the above-desaibed exemplary embodiment, the hydrogen 
operated power system according to the invention is applied to a fuel cell system, but 
10 as long as the hydrogen operated power source of the invention generates power using 
hydrogen, it is not limited to the fiiel cell system, but may be, for example, a hydrogen 
engine. 

[0032] Although the invention has been described herein with reference to 
specific embodiments, many modifications and variations therein will readily occur to 
IS those skilled in the art. Accordingly, all such variations and modifications are 
included within the intended scope of the invention. 



